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Abstract 
 
Acceptable Bit Error rate can be maintained by adapting some of the design parameters such as modulation, symbol 
rate, constellation size, and transmit power according to the channel state. 
An estimate of HF propagation effects can be used to design an adaptive data transmission system over HF link. The 
proposed  system  combines  the  well  known  Automatic  Link  Establishment  (ALE)  together  with  variable  rate 
transmission system. The standard ALE is modified to suite the required goal of selecting the best carrier frequency 
(channel) for a given transmission. This is based on measuring SINAD (Signal plus Noise plus Distortion to Noise plus 
Distortion), RSL (Received Signal Level), multipath phase distortion and BER (Bit Error Rate) for each channel in the 
frequency list. Channel condition evaluation is done by two arrangements. In the first an FFT analysis is used where a 
pilot signal is transmitted over the channel, while the data itself is used in the second arrangement. Passive channel 
assessment is used to avoid  bad channels hence limiting the frequency pool size to  be used in the point to point 
communication and the time required for  scanning and linking. An exchange of channel information between the 
transmitting and receiving stations is considered to select the modulation scheme for transmission. Mainly MPSK and 
MFSK are considered with different levels giving different data rate according to the channel condition. The results of 
the computer simulation have shown that when transmitting at a fixed channel symbol rate of 1200 symbol/sec, the 
information rate ranges from 2400 bps using 4FSK up to 3600 bps using 8PSK for SNR ranges from 11dB up to 26dB. 
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Introduction 
 
Propagation effects in HF sky-wave channels 
impose many restrictions on this communication 
media. These restrictions can be grouped into the 
effects  of  background  noise,  interference,  and 
multipath propagation.  
HF band has been of great interest for beyond 
line  of  sight  long  distance  military 
communications. HF radio is the central element 
particularly  for  countries  which  can’t  count  on 
reliable  access  to  satellite  links  in  wartime.  In 
addition to its price advantage and freedom from 
third  party  it’s  inherent  resilience  to  counter 
measure,  and  independence  from  foreign 
ownership and controlled communications assets 
which make it attractive for Command, Control, 
Computer and Communication, interchange (C
4I) 
system military users.  
Unfortunately  HF  communication  is 
complicated  by  severe  interference  from  other 
users  of  the  HF  band,  impulsive  atmospheric 
noise, limited bandwidth,  multipath propagation, 
which  yields  frequency  selective  fading.  The 
increase  in the use  of the Internet Protocol (IP) 
networks in the military applications [1] has led to 
the  necessity  of  integration  of  various 
transmission media (HF, VHF, UHF, microwave, 
fiber  optic)  into  one  heterogeneous  network. 
Integration  of  HF  link  as  part  of  any  network 
represent a bottleneck to the whole network. To 
insure reliable and efficient communication over 
such networks a major part of research activities 
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data  rate    communication  in  the  presence  of 
severe  interference  and  time  varying  channel 
conditions. Various techniques are used to combat 
HF  channel  impairments  such  as  diversity
reception  which  is  commonly  used  at  HF 
installations, hence improves the reliability of HF 
channel [2]. The basis of diversity reception is to 
take advantage of signals that are not correlated, 
and  combines  these  signals  from  separate 
receivers.  There  are  several  forms  of  diversity 
reception,  all  of  which  require  additional 
equipments. Besides to diversity reception, spread 
spectrum, power control and adaptive modulation 
are also used. 
 The approach being undertaken in this work is 
to  optimize  the  performance  of  HF  radio 
communication  over  time  varying  channels, 
examine  the  quality  and  propagation 
characteristics of a radio channel, and measure the 
relevant HF channel parameters. Acceptable BER 
can be maintained by adapting some of the design 
parameters  such  as  modulation,  symbol  rate, 
constellation  size  besides  to  the  automatic 
selection of the best frequency from a set of pre-
assigned  channels  to  the  time  varying  channel 
environment [3]. Besides to channel state such as 
fading,  noise  and  interference  power 
characteristics,  throughput  of  any  wireless 
communication  channel  is  affected  by  different 
communication  parameters  such  as  symbol  rate, 
transmit  power  and  coding  rate.  Adaptive 
modulation  has  been  proposed  as  an  efficient 
technique  for  improving  the  spectral  efficiency 
over  fading  channels.  Adaptive  modulation  has 
been extensively studied in [3, 4]. With adaptive 
modulation  optimum  symbol  rate  at  a  given  bit 
error rate BER is achieved where a high spectral 
efficiency is maintained.  
In this work an estimate of the channel state is 
done  at  the  receiver  side  and  the  channel 
information  are  fed  back  through  an  error  free  
feedback  channel.  The  channel  state  is  used  to 
determine  the  best  carrier  frequency  from  a 
frequency pool and the appropriate constellation 
size. Therefore an optimal two step adaptive HF 
system  is  considered.  The  channel  state  is 
obtained through a pilot single tone unmodulated 
carrier  transmitted  through  the  channel,  at  the 
receiver  side  SINAD  plus  multipath  phase 
distortion and RSL which reflects channel quality 
are measured and fed back to the transmitter. The 
SNR threshold is used for both ALE and choosing 
appropriate  modulation  and  hence  constellation 
size according to threshold bit error rate (BERth), 
which  is  previously  evaluated  based  on  the 
simulation results. 
The  modulation  type  and  hence  constellation 
size are restricted to MFSK and MPSK, for the 
reason  of  constant  amplitude  signaling,  while 
MQAM  is  avoided  because  it  uses  different 
amplitude levels which will be affected by fading 
phenomenon of the channel. 
 
 
II- System Model 
 
A  communication  link  which  consists  of  a 
transmitter, a receiver, HF channel and feedback 
channel as shown in Fig.(1) was considered. For 
each  transmission  the  carrier  frequency  and  the 
modulation  scheme  are  selected  based  on  the 
estimated SNR, because the spectral efficiency is 
adjusted  to  achieve  optimum  performance  for  a 
specified threshold BER. The receiver is assumed 
to detect all the erroneous bits.  
The HF channel can be seen as consisting of 
two  components.  Firstly  a  filter  H(f,t)  which 
varies over both frequency and time representing 
the  changing  conditions  caused  by  multipath 
propagation  and  different  kinds  of  ionspheric 
phenomena,  secondly  the  noise  n(t)  and  the 
interference I(t) from other HF users . 
The  feedback  channel  is  used  to  convey  the 
Link Quality Analysis LQA information, in order 
to  use  these  data  for  the  configuration  of  the 
transmitter station. Since there is no need to use 
high  data  rate  in  the  feedback  channel  then  the 
channel  can  be  well  protected  using  error 
correcting coding and maximum transmit power. 
LQA is used to provide the transmitter with the 
necessary information about the  measured SNR, 
RSL and multipath phase distortion.  
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HF channel 
 
                                                                   n(t), I(t) 
     
                 data in                                                                                                               data out 
   
   
             
 
 
 
Fig. 1. Block Diagram of HF Radio Link. 
 
.  
1-The Communication Channel 
 
In this investigation the widely used and well 
known  ITU-R  approved  Watterson  Gaussian 
scatter model known as Watterson model is used 
in  the  simulation  of  the  HF  channel  [5,6].  This 
model considered stationary for small bandwidth 
up to 3kHz and short time less than 10 minutes. 
Three standard simulation channels termed good, 
moderate,  and  poor  presented  in  table  (1)  are 
used. The HF channel was modeled as a tapped 
delay line with one tap for each propagation path 
as shown in Fig.(2). The delayed input signal  at   
various  stages  of  the  delay  line  is  multiplied  
by  the random process gi(t) and hence modulated 
in both amplitude and phase. 
 
Table 1 
 CCIR Test Channel Parameters. 
Condition  Good  Moderate  Poor 
Delay Spread (ms)  0.5  1  2 
Frequency Spread   0.1  0.5  1 
 
 
  input 
 
 
                 g1(t)                g2(t)            g3(t)    gi(t)       AWGN 
                                                                    output 
                                                                                                                                                                                      
Fig. 2. Watterson HF Channel Model. 
 
 
2- Adaptive Modulation 
 
A  basic  relation  in  wireless  digital 
communication  is that a certain transmission bit 
rate  can  be  achieved  at  a  certain  bit  error 
probability for a specified SNR. For non adaptive 
digital  communication  system,  the  modulation 
type and  error correcting codes are chosen such 
that  acceptable  bit  error rate  is  achieved.  When 
the coding fails to compensate for occurred errors 
the link layer will ensure that the data is correctly 
received  by  requesting  a  retransmission  of  the 
erroneous  databy  means  of  Automatic  Repeat 
Request ARQ. 
As the SNR varies a more stable performance 
can be accomplished using adaptive modulation in 
such  a  way,  the  transmitter  and  receiver  are 
adapted to the changing channel quality by aiming 
at the target bit error rate. However the BER at the 
receiver  would  be  a  good  metric  to  decide 
switching  between  different  modulations  but 
reliable  BER  estimation  is  difficult  over  short 
H(f,t)   Transmitter   Receiver  
LQA  
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periods, thus channel SNR was used for switching 
between different modulation types. The channel 
SNR is defined for each modulation type such that 
it  guaranties  a  BER  below  a  certain  threshold 
BERth.  
Adaptive  modulation  is  proposed  as  an 
effective  measure  to  maximize  the  spectral 
efficiency of the time variant wireless channel [7]. 
Choice  of  modulation  type  and  setting  of 
modulation switching level are the most important 
factors  that  affect  the  performance  of  adaptive 
modulation  system.  Setting  of  modulation 
switching  levels  is  done  using  the  target  BER 
(BERth) criterion. The symbol error rate SER and 
hence BER for different modulation types are as 
follows [8]. 
                      … (1) 
where Q(x) is the Q-function and γ = Es/No 
The equivelant BER for QPSK is: 
                                    ...(2) 
      The SER for  coherent MFSK is given by: 
                                   …(3) 
the  Probability  Density  Function  PDF  of  the 
fluctuations in instantaneous received power x, in 
a Rayliegh channel are given by  
                                     ...(4) 
    Where X is the average signal power. For any 
modulation scheme  if  PG(SNR) is the Gaussian 
BER  performance  then  the  upper  bound  for  the 
BER performance in a Rayliegh channel is [7]: 
                                     ...(5) 
therefore the upper bound BER performance of an 
adaptive  modulated  signal  may  be  computed 
from: 
 
                       …(6) 
where  l1….l4  are  the  SNR  switching  thresholds. 
The throughput of the adaptive modulation system 
can be expressed as: 
                …(7) 
 
 
3-  Automatic Link Establishment (ALE) 
 
      ALE was developed to automatically select a 
frequency for automatic linking in point to point 
or  network  based  communication.  Clearly  the 
availability  of  different  modems  with  a  robust 
waveforms has an impact on frequency selection 
and  link  establishment  process.  However  HF 
communications  are  subject  to  disturbances  and 
irregularities  in  the  ionosphere,  fairly  high  rate 
communications may be supported at some times. 
All  the  prediction  programs  give  the  long  term 
median  values  of  maximum  usable  frequency 
(MUF) and lowest usable frequency (LUF). The 
final  selection  of  the  appropriate  frequency  is 
upon  the  operator  taking  into  account  the 
availability of clear or interference free channel. 
The  selection  of  the  best  frequency  is  done  by 
using  long  term  prediction.  The  use  of  RTCE 
techniques at the receiving station can provide a 
measure of channel conditions to be used for ALE 
functions  [10].  In  addition  to  the  channel  state 
information  from  propagation  prediction  and    
channel  sounding,  ALE  is  used  to  maintain 
linking with remote station.  
 
 
III-  HF System Adaptation Algorithm 
      The  proposed  HF  adaptation  process  is 
attempted at startup of the system in two steps: 
 
Step 1: At startup of the communication, both the 
transmitter  and  the  receiver  generate  a 
LQA table through the sounding process. 
ALE  performs  linking  process  by 
choosing  the  best  channel  for 
communication based on the LQA data of 
the  rank  ordered  channels.  The  selected 
communication frequency is chosen to be 
very  close  to  the  linking  frequency  in 
order  to  have  the  same  propagation 
conditions. 
 
Step 2: The second phase is the rate adaptation 
process,  which  is  performed  during  the 
communication process. Initial handy rate 
with  certain  modulation  technique  is 
chosen  depending  on  the  SNR  of  the 
selected  channel.  During  the 
communication  process  the  system 
attempts  to  test  the  BER  for  higher 
possible  bit  rate.  If  the  receiver 
acknowledges  the  reception  of  the  test 
data with acceptable BER (chosen to be ≤ 
10
-3 ), the transmitter changes its rate to 
the  new  higher  rate.  Fig.(3)  gives  the 
adaptation  algorithm  of  a  point  to  point 
communication system.     
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Time  Transmitter          Receiver 
Phase1 
1- Listen for co-channel                                                            scanning ( synchronous  
existence,         or asynchronous) 
2-  Channel selection   
tune and send ALE word 
           (wait for reply Twr ,if no          check valid address, tune- 
  reply then try another                                                         up, send response 
  channel)          wait for ACK 
 
3- Check for valid response               receive ACK enter link 
send ACK, enter linking             state 
state. 30 sec activity  
timer is started Twa  
 
Phase 2  
4-  Start communication at                                                        bi-directional  
     pre-determined rate                                                         data transmission 
  according to SNR 
 
          5- Test for higher transmission                                             test for acceptable received                                                             
               rate (known sequence)                                        NACK           BER (send ACK ) 
               wait for ACK 
        6- Return back to original          
     rate 
Fig. 3. Adaptation Algorithm for Point to Point. 
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IV- Adaptive HF System Simulation 
    
      Matching  the  data  rate  to  the  channel 
condition can be achieved in two steps, first step 
is  selecting  the  best  channel  frequency  to  carry 
traffic  data  through  ALE,  and  choose  the  best  
modulation  which  provides  highest  possible  bit-
rate with acceptable BER. 
 
 
1-  ALE Simulation 
 
     ALE  initiates  calls  on  pre-assigned  rank 
ordered channels, depending on the LQA memory 
data.  The  LQA  information  exchanged  between 
all the stations is used to optimize the choice of 
channels. The sequence of channels to be used in 
linking is derived from the information content of 
LQA parameters. The best channel score is tried 
first. The feedback channel is assumed to be error 
free  with  high  transmit  power  and  robust  error 
correcting code to insure the correct reception of 
the acknowledged data. 
     Three  types  of  information  [10],  Bit  Error 
Rate, Signal plus Noise plus Distortion to Noise 
plus  Distortion  SINAD,  measure  of  Multi-path 
MP  (optional),  are  required  to  assess  specific 
channel  order.  LQA  data  are  used  to  score  the 
channels  and  to  support  selection  of  the  best 
channel for linking and communication. 
 
a-  BER Measurement 
     For  each  channel  to  be  tested  for  BER,  a 
stream  of  binary  data  is  transmitted  over  the 
channel. The Bit Error Rate  is calculated at the 
receiver as follows. 
           ...(8) 
 
b-  SINAD Measurement   
      Under  the  assumption  that  the  noise  is  a 
stationary  or  a  slowly  varying  process,  and  that 
the noise spectrum does not change significantly 
in between the update period of LQA, the effect 
of additive noise on the magnitude spectrum of a 
signal is to increase the mean and the variance of 
the spectrum. The noisy signal model in the time 
domain is given by 
                     …(9) 
where  x[m],  n[m]  and  y[m]  are  the  signal,  the 
additive  noise and the  noisy signal respectively, 
and m is the discrete time index. The frequency 
domain of the noisy signal model of eq. (9) is: 
                                ...(10) 
where  Y(f),  X(f)  and  N(f)  are  the  Fourier 
transform  of  the  noisy  signal  y[m],  the  original 
signal x[m] and the noise n[m] respectively, and f 
is the frequency variable. The noisy signal at the 
receiver  front  end  is  buffered  and  divided  into 
segments of N samples length. Each segment  is 
transformed via Fast Fourier Transform FFT to N 
spectral  samples.  The  time  averaged  power 
spectrum of the noisy signal is obtained from the 
whole period  
                        ...(11) 
where  │Yi(f)│
  is  the  spectrum  of  the  i
th  noisy 
signal frame, and it is assumed that there are M 
frames in the allocated period. 
                   ...(12) 
     In this work the channel is tested for SINAD, 
using a generic frequency domain FFT. A single 
tone  is  transmitted,  The  received  signal  is 
analyzed to determine the SINAD. Obviously the 
reference pilot tone is known to the receiver then 
the subtraction of the power content of the pilot 
tone  from  the  total  averaged  received  power 
yields the noise plus distortion power added over 
the  channel.  Then  the  received  SINAD  can  be 
expressed as follows: 
                    …(13) 
     The  averaging  of  the  above  measured 
parameters is taken over 5 seconds. This time is 
arbitrary  chosen  to  be    long  enough  to 
accommodate  slow  and  fast    variations  of  the 
channel  environment  and  allows  accurate  signal 
strength and phase measurements. Fig.(4) shows a 
500 Hz single tone passed through a 3-skywave 
HF channel with SNR of  10 dB. 
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                    Fig. 4. Single Tone Through HF Channel.  
 
 
c-  Received  Signal  Level  and  Multipath 
Distortion 
      Besides  to  SINAD  measurement,  RSL,  and 
multi-path phase distortion can be measured using 
N point FFT. Then the RSL of the k
th bin signal is 
measured and averaged over the whole period: 
             ...(14) 
      In  the  same  manner  phase  distortion  can  be 
computed from the FFT, by subtracting the phase 
of the reference pilot tone from the phase of the 
analyzed received signal. 
 ...(15) 
where   Y(K) and X(K) represent the k
th amplitude 
component of the received and transmitted signal 
respectively. 
 
 
2-  Modulator Performance Test 
      
     The  performance  of  different  types  of 
modulation  techniques  was  determined  by 
calculating  Bit  Error  Rate  for  different  channel 
parameters  and  signal  to  noise  ratio.  The 
performance  test  have  been  carried  out  using 
different  modulation  techniques  BPSK,  QPSK, 
8PSK,  FSK,  4FSK,  8FSK  (the  effect  of  carrier 
synchronization  on  the  overall  performance  was 
not  considered  and  the  system  is  considered 
synchronized).  Figs.(5)  and  (6)  represent  the 
theoretical  performance  of  the  different 
modulation  techniques  over  AWGN  channel. 
Figs.(7-14) represent the BER performance of the 
same  modulation  types  over  different  channel 
conditions.  It  is  clearly  shown  that  MFSK 
modulation scheme acheives the same Bit Error 
Rate at low signal to noise ratio when compared 
with  MPSK.  So  with  power  limited  systems 
MFSK  is  preferable  while  at  bandwidth  limited 
systems MPSK is preferable. MPSK modulation 
is bandwidth efficient scheme so as M increases 
in value the bandwidth efficiency also increases at 
the expense of increased Eb/No.  
      The proposed system uses MFSK at low Eb/No 
unless the required bandwidth exceeds the limited 
3  kHz  bandwidth  while  at  higher  Eb/No  the 
bandwith efficient MPSK will be employed.  
 
 
3- Rate Adaptation Scheme 
      
     The second phase of adaptivity is to choose the 
highest  transmission  rate  with  appropriate 
modulation  technique  which  gives  BER 
performance  of  less  than  10
-3  at  the  specified 
SNR.  After  linking  takes  place  the  transmitter 
establishes communication with the distant station 
using handy initial transmission rate. This rate is a 
predetermined  rate  chosen  based  upon  the  SNR 
from the LQA table. During the linking process 
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BER. To test the validity of the channel, a stream 
of known data is transmitted along the link with a 
rate higher than the initial selected data rate. If the 
receiver  acknowledges  the  reception  of  the  data 
with  acceptable  BER,  then  the  transmitter 
attempts  transmission  at  higher  rate  and  so  on 
according to the adaptation algorithm. If negative 
acknowledgment is received, then the transmitter 
returns to the initial data rate.  
     When  transmission  is  carried  out  at  fixed 
channel  symbol  rate  of  1200  symbol/sec  the 
required bandwidth and signal to noise ratio for 
both  MPSK  and  MFSK  modulation  signals 
simulated over good channel to obtain BER=10
-3 
are shown in Tables2& 3.  
However the HF channel is bandwidth limited to 
less than 3 kHz in military applications, then it is 
clear that at low SNR, power efficient modulation 
techniques (MFSK) must be employed. While at 
high  SNR  the  bandwidth  efficient  modulation 
techniques (MPSK) will be employed. 
      A  signal  to  noise  ratio  threshold  is  chosen 
such  that  a  best  utilization  of  bandwidth  with 
minimum signal to noise ratio is achieved. Table 4 
shows the signal to noise ratio boundaries for best 
utilization of bandwidth with minimum signal to 
noise  ratio.  The  data  rate  throughput  evaluated 
over the specified threshold is plotted in Fig. (15). 
 
 
 
Table 2   
Bandwidth and Power Efficiency of MPSK for BER=10
-3 
M   m 
Rs 
symbols/sec 
Rb 
bps 
Minimum 
Bandwidth (Hz) 
ηB 
bit/s/Hz 
Eb/N0 (dB) for BER=10
-3 
Good  Moderate  Poor 
2  1  1200  1200  2400  0.5  13  13.75  15 
4  2  1200  2400  2400  1  13  14.1  15 
8  3  1200  3600  2400  1.5  26  35.8  45 
16  4  1200  4800  2400  2  Not simulated 
   
 
Table 3   
Bandwidth and Power Efficiency of MFSK for BER=10
-3 
M   m  Rs 
symbols/sec 
Rb 
bps 
Minimum 
Bandwidth (Hz) 
ηB 
bit/s/Hz 
Eb/N0 (dB) for BER=10
-3 
Good  Moderate  Poor 
2  1  1200  1200  1200  1  14  15  18.2 
4  2  1200  2400  2400  1  11  11.8  12.5 
8  3  1200  3600  4800  .75  Requires high BW 
16  4  1200  4800  9600  0.5  Not simulated 
 
 
Table 4  
Modulation Type Selection for BER=10
-3  
Eb/No (dB)  Modulation Type  Bandwidth efficiency  Rb (bps) 
11≤ Eb/No <13  4FSK  1  2400 
13≤ Eb/No <26  QPSK  1  2400 
26≤ Eb/No  8PSK  1.5  3600 
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Fig. 5. MFSK  Theoretical  Performance. 
 
 
 
 
Fig. 6. MPSK Theoretical Performance. 
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Fig. 7. MFSK Performance Over AWGN Channel (Simulated). 
 
 
 
 
 
Fig. 8. MPSK Performance Over AWGN Channel (Simulated). 
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Fig. 9. MPSK Performance Over Good Channel. 
 
 
 
 
 
 
Fig. 10. MPSK Performance Over Moderate Channel. 
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Fig. 11. MPSK Performance Over Poor Channel. 
   
 
 
 
Fig. 12. MFSK Performance Over Good Channel. 
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Fig. 13. MFSK Performance Over  Moderate Channel. 
 
 
 
 
Fig. 14. MFSK Performance over Poor Channel. 
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Fig. 15. HF Channel Performance. 
 
 
V- Conclusions  
 
     Combination  of  a  modified  ALE  with  a 
proposed  adaptive  rate  algorithm  in  which  an 
initial data rate is selected based on the LQA data. 
This means that sounding channel to be used for 
both ALE and rate selection. The basic ALE word 
is used to estimate the present BER which is then 
used later to control the transmission rate. 
     The proposed system reduces the time period 
required to update the LQA data as compared to 
original time required for the standard LQA. This 
is because sounding individual channels is carried 
at  predetermined  intervals  and  updated  for  the 
selected  channel  at  each  transmission  using  the 
majority vote criterion.    
    The use of pilot tone to determine the received 
SINAD, RSL, and phase distortion is introduced 
using FFT measurement. This method is simple to 
implement and true real time operation is obtained 
with existing digital signal processing chips such 
as TMS320C5x. 
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ددرتلا تيلاع ةانق ىلع تفيكتملا ثلااصتلال ةذيذج تقيرط 
 
ملاس دوبع تفيلخ * مظاك نمحرلا ذبع ميركلا ذبع     ** ذمحأ ذيمح لداع       ***  
 * خلااصذلاأ خايٕهؼًنا حسذُْ ىسق  / ٙيصسإخنا حسذُْ حٛهك  /  داذغت حؼياخ
 ** خايٕهؼًنا حسذُْ ىسق  / حسذُٓنا حٛهك  /  ٍٚشُٓنا حؼياخ
 *** كَٛٔشركنلاأ ءاتشٓكنا حسذُْ ىسق  /  حٛخٕنُٕكرنا حؼيادنا
 
 
 
تصلاخلا  
 حٛناؼنا خاددشرنا جاُق ًٍض حٛكهسلانا خاخًٕنا ساشرَا ٗهػ ٍيضنا غي جشٛغرًنأ جشٛثكنا خاشٛثأرنا ٌا HF  واذخرسأ ٗهػ جذٚذػ ادٕٛق غضٚ 
خلااصذلأأ ضاشغلأ طسٕنا ازْ مثي  .
حٛناؼنا خاددشرنا جاُق شثػ حفٛكرًنا خلااصذلأن ححشرقي حيٕظُيشٕٚطذ ٗنا ثحثنا فذٓٚ .  ٍٛت غًدذ ثحثنأ ازْ ٙف ححشرقًنا حيٕظًُنا ٌا
اًْ ٍٛرُٛقذ  , لاصذلأن اقثسي حصصخًنا خاددشرنا ٍي حػًٕدي ٍٛت ٍي ةساًُنا ددشرنا ساٛرخأت ُٗؼٚ ٘زنأ ٙػٕطنا لاصذلأا قٛقحذ  ,  حُٛقذ غي
حفٛكرًنا خاَاٛثنا لاسسا حػشس ساٛرخا .  جاُق مك ىٛٛقذ للاخ ٍي ىرٚ حصصخًنا خاددشرنا ٍي ٘أ ساٛرخا ٌا ( ددشذ )    ٖذي ساثرخا ٙنارناتٔ ِذح ٗهػ
لاصذلأا ٍٛيأرن آريءلائ آرٛحلاص  .
لاسسلأا حٓخ ٙف حًغَ ذٛنٕذ للاخ ٍي ىرٚ جاُق مك ساثرخا ٌا  ,  ٗنا حفاضلاأت ءاضٕضنا ٗنا جساشلأا ٖٕرسئ حًهرسًنا جساشلأا جذش طاٛقٔ
سٕطنا ٙف مصاحنا ّٕٚشرنا ,  واذخرسأت حًهرسًنا جساشلأأ مٛهحذ ىرٚ ثٛح FFT أطخنا لذؼي باسح ىرٚ اًك  BER   حناسس لاسسأ للاخ ٍي 
ولارسلأا حٓخ ٙف آرَساقئ حيٕهؼي .  ٙف آياذخرسا ٙنارناتٔ مسشًنا ٗنا اٛسكػ آذداػا ىرٚ حًهرسًنا خاساشلأا مٛهحذ ٍي حدذاُنا خايٕهؼًنا ٌا
ةساًُنا مًٛحرنا واظَ ساٛرخا  .
حيٕظًُنا ِزْ ءادأ ساثرخأٔ مٛهحرن بٕساحنات خاكاحي صحف ءاشخا ىذ  ,  جرًَٕ واذخرسأت ددشرنا حٛناػ جاُقنا مٛثًذ ىذ ثٛح Watterson   
 خإٚرسًنا دذؼري ًٍٛضرنا ٍي ٍٛػَٕ واذخرسأٔ MPSK, MFSK  .  خاَاٛثنا لاسسا حػشس دٛثثذ ذُػ َّأت خاساثرخلأا حئارَ خشٓظاذقن
 حػشس ٗهػ حخساخنا 1200 ضيس  /  واذخرسا ٌأف حَٛاث 4FSK  خاَاٛت لاسسا حػشس ٙطؼٚ حهٛهق ءاضٕضنا ٗنا جساشلأأ ٖٕرسي ٌٕكذ ايذُػ 
 ساذقًت 2400 دت  / حَٛاث  .  ٗنا لاقرَلاا ىرٚ ءاضٕضنا ٗنا جساشلأا ٖٕرسي عافذسا ذُػ QPSK, 8PSK  خاَاٛت لاسسأ حػشس ٗهػ لٕصحهن 
2400  ٔ   3600 ٗنإرنا ٗهػ  .  
 
 